High-resolution, time-resolved spectroscopic observations of Z CMa carried out on 1997 January 14-17 are presented. Large night-to-night and hour-to-hour variations in H , H and Na I D P Cygni absorptions, as well as an H emission peak, were observed. Variations in the red wings of the hydrogen emission lines were also detected. The high-velocity wide-emission component on the blue side of H appeared on January 17. The observations are discussed in the framework of current wind models.
I N T R O D U C T I O N
Z CMa is a pre-main-sequence object, and has long been considered as a Herbig Ae/Be star, but Hartmann et al. (1989) include it in the group of FU Orionis variables (FUORs). The new classification was based on its broad, double-peaked optical absorption lines, optical spectral type F and CO first-overtone absorption characteristics of accretion disc spectra. Koresko et al. (1991) showed that the object is a binary, in which the FUOR is the optical component with a luminosity L:700 L ᖿ , typical for such stars. The infrared companion, located roughly 100 au from the optical source, is enshrouded in dust and has a lumninosity L:2100 L ᖿ . Z CMa is the only known FUOR that occasionally displays a spectrum of narrow metallic emission lines (Covino et al. 1984; Hessman et al. 1991) . Optical spectropolarimetry by Whitney et al. (1993) showed a larger polarization in the emission lines than in the continuum. They explained this observation with a model including both an FUOR (the source of the continuum) and a more extinguished Herbig Ae/Be star (the emission-line source). The dust surrounding this object polarizes the light scattered into our line of sight. The FUOR contributes a large amount of unpolarized flux: 80 per cent of the total optical flux. Z CMa drives a stellar jet (Poetzl, Mundt & Ray 1989) and a molecular outflow (Evans et al. 1994) . Most of the polarization is perpendicular to the jet axis. Corcoran & Ray (1997) (Bastian & Mundt 1985; Hartmann & Calvet 1995) . Blueshifted absorptions are significantly variable in time (Covino et al. 1984; Hessman et al. 1991) . FUOR mass loss cannot be triggered by radiation pressure, because the surface temperature of the disc as well as that of the wind is only about 6000 K. Thus the most likely wind acceleration mechanism results from magnetic field action.
O B S E RVAT I O N S A N D DATA P R O C E S S I N G
Our Z CMa spectra were taken from 1997 January 14 to 17 by the 1.82-m Asiago telescope, using the Reosc Echelle Spectrograph (RES) equipped with a CCD detector. The RES dispersion varied from 7.5 Å mm
21
(range 4820-5020 Å) to 10.4 Å mm 21 (range 6500-6600 Å). Exposure times of 30 min for all spectra were employed. The journal of observations is given in Table 1 .
The RES echelle orders were straightened through dedicated software developed at the Astronomical Observatory of Capodimonte in Naples. Thereafter the spectroscopic data were processed using the following steps:
(1) flat-field and bias distribution; (2) sky-background subtraction; (3) calibration in wavelength using a thorium lamp for comparison lines; (4) correction for heliocentric velocity; (5) normalization to continuum (equal to 1); (6) removal of cosmic spikes.
All of the procedures were carried out using the ESO MIDAS reduction software.
R E S U LT S A N D D I S C U S S I O N
The time evolution between January 14 and 17 of the H , H and Na I D P Cygni and [O I] emission profiles is pre-sented in Figs 1 and 2. The basic observational facts are as follows.
(1) A wide absorption complex (WAC) with multicomponent structure seen on the blue side of the H , H and Na I D emission peaks is present. Owing to the fact that the individual absorption components change their depth and the bluest absorption components also vary in radial velocity, the WAC shows substantial night-to-night and hour-tohour variations. The bluest absorption component exhibits a continuous decrease from 2590 to 2450 km s 21 in H , and from 2540 to 2395 km s 21 in H . The total width of the WAC also decreases.
(2) The intensity of the H emission peak varies. A simultaneous increase of the strength of the H emission and of the depth of the H absorption is observed during night-tonight and hour-to-hour variations.
( Poetzl et al. (1989) Hourly and daily variations present in the strongest telluric H 2 O absorptions, which could be identified in our spectra (in particular around the H and Na I D regions), are negligible in comparison with the intrinsic stellar variations. Variations of the identified H 2 O absorptions in the H region are shown in Fig. 3 . As can be seen, minimal variations of H 2 O telluric lines do not appreciably affect the much stronger intrinsic variations present in H .
In FUORs, the observed broad P Cygni profiles show the existence of massive winds. The shape of the profiles and large profile variations on very short time-scales show that winds are very active and are continuously emitted. Further proof is given by the H profile variations on time-scales of hours. H emission and absorption components are formed in the same region of the wind; the difference is only that the absorption component is formed in the wind along the line of sight. The simultaneous increase (decrease) of the intensity of the H emission strength and the depth of the absorption suggest an increase (decrease) of the hydrogen column density. Fast variability of the features suggests that the wind is accelerated to high velocities very close to the stellar surface. The acceleration of the wind is supported by the velocity gradient within the line-forming region (the blue edge of the absorption component is at a higher velocity in H than in Na I D). The larger total width of the H absorption features provides additional evidence for the existence of a velocity gradient within the line-forming region.
The wind is collimated and accelerated by the magnetic field. Two alternative wind models for FUORs have been developed. In the first model, interaction between the magnetized star and its surrounding disc can generate magnetocentrifugally driven winds. These winds can arise from a magnetized star spun up to break-up by the accretion of high angular momentum material from the disc. The flow of material is launched from regions near the stellar equator. As the star rotates, the open field lines transfer angular momentum to the wind, accelerating it away from the star. The inertia of the outflowing matter drags the stellar field lines into a trailing spiral pattern, generating toroidal magnetic field (Najita 1995, and references therein) . In the second model, material is accelerated directly from the sur-face of the rapidly rotating disc along magnetic field lines (Hartman 1995, and references therein).
Our observations of the variations in the red emission wings of the hydrogen line profiles suggest the presence of a wind that is receding from the observer. Winds from equatorial regions proposed by the first model and the high inclination angle of the disc, namely i#60° (Hessman et al. 1991) , can explain the puzzle.
The continuous decrease of the radial velocity of the high-velocity H and H absorptions is caused either by a largely anisotropic outflow in the form of blobs, or by a change of the angle of the collimated outflow to the line of sight due to the rotation of the inclined magnetic rotator. In both cases the matter, which causes the strong absorption, disappears (owing to the rotation) from the line of sight and starts to be responsible for the increase of strength of the red wings of the hydrogen emission profiles. The appearance of the WEC on the bluer side of the H profile on January 17 can be explained in the same way.
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